Among different tactics, the magnetically actuated approaches have the characteristics of fast response and non-contact, thus have great advantages in controlled adhesion. In addition to driving an object to deform, the magnetic field can directly improve the mechanical properties such as the modulus of the material. If a magnetic sensitive material is used in the preparation of the adhesive structure, the interfacial stress distribution of the structure can be changed by adjusting the magnetic field, thereby changing the adhesion. In this case, a new strategy of controllable adhesion by a magnetic field is proposed in this paper. The magnetically tunable adhesion is achieved by a composite structure which consists of a shell and a magnetic sensitive core. Magnetorheological polymer gel (MRPG) is a magnetic sensitive gel, which is usually composed by adding micro/nano sized ferromagnetic particles into a nonmagnetic polymer gel (2) . The mechanical properties of MRPG can be adjusted quickly and reversibly by magnetic fields, and the relative magnetorheological effect can reach to 500%. Thus MRPG was used as the core of the composite structure.
In this report, a composite rod consisting of a PDMS shell and a soft MRPG core was prepared (Fig. 1) . The adhesion of the composite rod under different pull off velocities and magnetic field was tested. In order to study the mechanism of magnetically controllable adhesion, the interfacial stress distribution of rods was calculated by finite element method. In addition, the magnetic field loading mode and the shape of the core can also affect the interface stress distribution, thus composite rods with different core shapes were also prepared and tested. The surface topography changes of the rods under the magnetic field were also calculated. Finally, the effects of the core shape and magnetic field loading mode on adhesion were discussed. Fig. 1 Schematic of the composite rod with MRPG core (a). Photographs of composite rods with different core shapes (b). Calculated normal stress distribution at the interface for rod-flat with and without applied current (c). Schematic diagram of surface topography change of the rod-flat under the magnetic field (d).
Pull-off forces of composite rods with different core shapes under different applied current (e).
